This paper had collected the patent licensing documents of all Chinese universities and made a comprehensive study on licensing performance. With a whole set of data from SIPO, the exact licensing frequency number and licensing propensity number of Chinese universities had been obtained for the first time. On average, 16.03 patents (6%) per university had been licensed out to the industry, which is much lower than expectations. The frequency of licensing, propensity of licensing, number of partners (licensees), number of patent stocks, local-transfer ratio and the distribution of licensing frequency in terms of university-firm distance had been obtained in details. Five hypotheses had been made to discover the variances in university licensing performance. With the ANOVA technique, five hypotheses had been confirmed within the dataset, which had revealed a significant effect of patent stocks, local economic performance, central government support, existence of TTO and local government administration on university licensing performance.
Introduction
The knowledge and technology transferring from public universities to the private sectors had obtained attentions in the academic research. Previous works had brought up the importance of this phenomenon (Abramo, D'Angelo, & Solazzi, 2012; Lei et al., 2012; Mowery & Ziedonis, 2002) . And various channels of knowledge transferring had been recognized in previous studies (Agrawal, 2001 ; W. M. Cohen, Nelson, & Walsh, 2002; Colyvas et al., 2002; Scott Shane, 2002) , including publications, conferences, consulting, joint ventures, per-X. P. Gao et al. 290 sonnel exchange, scientist migration to the private sectors and so on. Patent licensing is one of the crucial channels of university-industry knowledge transferring. The out-licensing behavior of universities had also been considered as a way to fulfill the Third Mission of public research institutions (Wang, Huang, Chen, Pan, & Chen, 2013; Wu & Zhou, 2012) .
Previous works about universities patents licensing behavior had viewed licensing data as a crucial outcome to measure the innovation productivities and an indicator of knowledge diffusion and collaboration. These works had taken various perspectives in the research of patent licensing. Baldini had reviewed academic papers about universities patenting and licensing and summarized those papers into 2 categories, one investigating the patent performances and the other one focusing on factors that had influenced the performances of universities patenting and licensing (Baldini, 2006) . The first category includes papers like Mowery's (Mowery, Nelson, Sampat, & Ziedonis, 2001; Mowery & Ziedonis, 2002) . They had investigated the change of patent quantity and quality before and after the Bayh-Dole Act. The licensing portfolio and data had been used as a measurement of patent quantity and quality. Lee had used the licensing behavior to evaluate the quality of a patent. Patents which had been licensed out to private firms were considered to be of more values (Lee, 2008) . The second category had attracted a lot of academic attentions and works in this field are fruitful. Thursby etc.'s work had used the number of licensing agreement as one of the output of universities commercialization and traced the factors that had impact on licensing productivity (Thursby & Kemp, 2002; Thursby, J. G. & Thursby, M. C, 2002 ). Shane and Somaya had focused on the effects of litigation issues on the number of licensing activities of universities and find the effects to be mainly negative (S. Shane & Somaya, 2007) . Agrawal had made an excellent review on this category and brought up 4 kinds of factors that had impacts on patenting and licensing behaviors, including firm characteristics, universities characteristics, geography factors and the various channels of knowledge transfer (Agrawal, 2001) .
However, licensing activities had only been considered as tools to measure certain constructs in those studies. They used limited licensing data to capture certain attributes for their study purpose. For example, the works by Mowery and Ziedonis were based on surveys of 3 US leading universities, which were not representative for the entire US universities (Mowery & Ziedonis, 2002) . Studies about Chinese university patenting and licensing had mainly focused on the patent application, citation and collaboration behaviors (Gao, Guo, & Guan, 2014; Hong, 2008; Li-Ying, Wang, Salomo, & Vanhaverbeke, 2013; Luan, Zhou, & Liu, 2010) and had mainly used data from USPTO (US Patent and Trademark Office) or DII (Derwent Innovations Index) (Lei et al., 2012; Li-Ying et al., 2013) rather than from SIPO (the State Intellectual Property Office of the P.R.C), which had the relative complete set of patenting and licensing documents of Chinese entities. The whole picture of universities patents licensing, as a prevailing and important phenomenon, had not been studies in a comprehensive way. Although previous studies had got into deeper issues about university licensing behaviors, some simple but important questions remain unexplored. What portion of patents had been licensed out in universities? What portion did universities transfer patents to local companies in the practice? In which perspective do universities differ in licensing activities in the real world? To answer those questions, an overall basic study of licensing behavior among universities should be taken to obtain details in these basic issues.
This paper had gathered the patents licensing documents of all Chinese universities from 2002 to 2012 in the online database of SIPO (the State Intellectual Property Office of the P.R.C), analyzing the patterns of licensing behaviors of universities. The study had collected all the licensing documents about Chinese universities and the result could be interpreted as the overall performance of Chinese universities in patent licensing. This paper had taken a geographical perspective on the university licensing behaviors and obtained some interesting and crucial results.
The second section of this paper had made a general analysis on the performance of Chinese universities licensing activities. These exact data about Chinese university patent licensing activities had not been revealed in other works and it is the first time to know the actual performance of university licensing. The third section of this paper mainly focuses on the variance in the licensing performance. 5 hypotheses had been made and the analyses of variance technique (ANOVA) had been implemented to test those hypotheses. The fourth section is discussion and conclusions from the main results. The main contribution of this study is revealing the exact data on Chinese university licensing performance for the first time. The exact data on every university could generate more insight on this knowledge transferring process. X. P. Gao et al. 291 
Data Source and Methods
The licensing documents data of all the Chinese universities and colleges from 2002 to 2012 had been collected from the online database in SIPO (the State Intellectual Property Office of the P.R.C). In the year of 2002, a law had been enacted to enforce the patent licensing activities been recorded on the national patent system. Only those documents that had been listed in the system would be protected by the national law. In that case, licensing activities documented in the system were the actual legal patent licensing activities happened in the real world. The data obtained from SIPO online database included all the licensing activities that were conducted by universities. The documents had information about licensed patents, including the licensers, licensees, terms and territories. One document indicates one licensing activity. In the following study, the amount of registered document had been used as licensing frequency (LF for short). Most of these universities only act as licensor in the licensing activities, meaning that they only transfer technologies to other entities: as we defined as out-licensing. A few of them had been acted as both licensers and licensees, meaning that there were technologies transferring through universities and other entities in both ways: in-licensing and out-licensing. In the data that had been collected, there are 5688 out-licensing documents and 39 in-licensing documents in Chinese universities. In-licensing took a very small part in technology transferring and this paper will not explore this kind of licensing behavior. The paper mainly focuses on the out-licensing behaviors of the universities, which indicates the knowledge transferring from public-funded sectors to the private sectors. The LF in the following studies contains out-licensing frequencies only.
Results
354 universities had been identified in the dataset. By the end of 2012, there are 2498 universities and colleges in China, and 354 of them had been involved in licensing activities. Only 14.21% of these higher education institutions had transferred knowledge to industry through licensing channel, which was a rather low level of portion.
Performance of Chinese University Licensing Activities
In Table 1 , the statistical results of these 4 variables indicated that the patent licensing behavior of Chinese universities is not active. The patent stock number, licensing frequency, licensing propensity and out degree of universities had been used to measure licensing activities. Patent stock number includes all the valid patents that were entitled to an organization from 1985 (the year that the Chinese Patent Law been passed) to 2012. Licensing frequency was defined as the frequency of licensing behavior. And in this study, the number of licensing frequency equals to the number of licensing documents. The average licensing frequency of these 354 universities is 16.03, much fewer than the average patent stock number 520.89. Licensing propensity is the licensing frequency number divided by the patents stock number, stands for the proportion of patents that had been licensed. And in this dataset, only 6% of patents on average had been licensed out to other organization, which was a very small portion. Out degree is a concept that is mainly used in social network studies. Out degrees could be interpreted as the number of organizations that have licensing relationships with a university. And the average out degree in this study equals to 12.10.
To have a more vivid view on the university licensing frequency, a set of description diagrams had been shown on Figure 1 . These 2 diagrams all reflected the distribution of LF in those 354 universities, but in different styles. What had been told on Figure 1 was that there is just little number of universities that had been involved in intensive licensing activities (shown as plots higher than the upper range in the box-plot diagram). The majority of actors had much lower level of LF (shown as the major area of the density diagram lies below 50). These results correlate with the traditional perspectives on Chinese university licensing activities that a large portion (94%) of patents from universities had not been transferred into economic productivity. The patent licensing of Chinese universities are highly skewed with a few number of universities act as main participants. Besides how many patents had been licensed-out, the licensing direction also matters. Did the technologies developed in academy be transferred to companies near the universities, or did the enterprises in other areas gained the benefit? In China, most universities were financially supported by local government. A few of them also receive grants from departments and affiliations of the central government. Whether the local industry could take back their investment in the local universities is a critical issue for the native government.
The locations of each universities and licensee enterprises were collected. Replacing each entity in their location, a network of licensing directions had been made. Those patents that had been licensed out to companies in the same province had been considered as local transferring. Those patents that had been licensed out to companies whose address were not in the same province had been considered as non-local transferring. Table 2 had shown the basic statistics about local licensing behavior. As had been stated in the early paragraph, the average licensing frequency about those 354 universities is 16.03. In Table 2 , the mean of local licensing frequency is 9.64 and the mean of non-local licensing frequency is 7.53. The average licensing frequency of local transferring is a little more than non-local transferring. Local ratio had been used to identify the portion of local licensing behavior. The mean of local ratio equals to 0.60, meaning that about 60% of patents licensing activities had been conducted between firms and universities in the same province. In the total 354 universities, 104 (less than one third) of them had only transferred patents to local companies, with their local ratio equal to 1.Considering the other 250 universities who had anticipated in non-local technology transferring, the average local ratio of them equals to 0.45, meaning that about 45% of licensing behaviors were locally conducted. From the data in Table 2 , the Chinese universities did have a propensity to transfer patents to the local firms.
The distance between universities and firms had been collected on the district level. The measurement of distance was the distance of high ways between city centers in the online service of Google maps. If the universities and firms were in the same city, the distance between them would be marked as 100 km. We had collected the distance data about those 5688 licensing documents and the average distance between licensers and licensees was 575.76 km, with a standard deviation of 698.24. About 2066 (41%) of these licensing activities were conducted between universities and companies whose distances were within 100 km. If focus on the other 3622 licensing activities, the average distance between universities and firms was 912.68 km, with a standard deviation of 747.53. The basic statistical results only tell part of the story. To have a clear vision on the patterns of licensing distance, a histogram of distance distribution had been made.
The first picture in Figure 2 shows the distribution of distance in the whole 5688 licensing documents. The distance within 100 km took large portion in the diagram. With the increase of distance, the frequency dropped dramatically. To have a more clear vision on the patterns of distance frequency distribution above 100 km, the Figure 2. Distribution of university-company distance.
second picture in Figure 2 had cleared out the data in 100 km. In the remaining 3622 data, the distribution of frequency mainly decreased with the increase of distance, which compile with the traditional thoughts. However, the obvious decreasing trend is not obvious when the distance had increased to about 400 km. A solid line was used to measure the density of distance frequency distribution. From around 400 km to 2200 km, the decreasing trend of density lines had stopped and the distribution of frequency had reached a relative stable period. Within this extent of distance, the frequency of licensing does not drop with the increase of distance. The frequency decreased dramatically again when the distance increased above 2200 km. These patterns in Figure 2 imply that a large portion of licensing activities were conducted between universities and firms whose distances were within 100 km. The patterns of distribution when the distance is above 100 km implied that when the distance between universities and firms were relatively low (within 400 km), the frequency of licensing activities dropped dramatically. When the distance between them were much higher (from 400 km to 2200 km), distance did not show its impacts on the frequency of licensing. When the distance increased above 2200 km, licensing frequency trend returned to a relative dramatic downside. The frequency of licensing activities does show a variant in the distance between licensors and licensees. However when the distance is not so near and not so far away, the impact of distance was limited.
Variances in Licensing Performance
The licensing frequency and licensing directions shows a diversified pattern on each university. While a very small amount of them actively engaged in licensing activities, the other more universities did not. The resource and characteristics of transfer agent (universities or public labs) is a very important factor that could affect the performance of technology transfer. A large number of previous works had focused on this issue (Agrawal, 2001; Bozeman, 2000) . According to this kind of view, the patterns of licensing activities should display variety in universities with different characteristics and resources. To have a more clear view on the patterns of Chinese university licensing activities, the following hypothesis had been made: 
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H1:
Universities with more patent stocks show more engagement on licensing activities. Patents stock number had been considered to be relevant to licensing activities. It is a very common knowledge that the more one have, the more one can use. With the same level of licensing propensity, universities with more patent stocks would have more patents to be licensed out. In the analyze process, valid patents applied from 1985 (the year that the Chinese Patent Law been passed) to the end of 2012 had been collected as universities patent stock numbers.
H2: Universities located in economically developed areas show more engagement on licensing activities. The economic environment around universities was supposed to have influence on university-industry technology transfer. Previous results (in this paper) on university licensing directions revealed that a large portion of licensing activities were conducted between universities and firms in the same province. The local economic environment had impacts on technology recipients for that a prosperous local economy would attract more companies and increase the probability of invention exposure to the industry thus enhances licensing practice engagement. In the analyze process, the 2012 GDP of university native provinces and cities had been collected to measure the local economy development.
H3: Universities which gained central government support show more engagement on licensing activities. As one of the element in "triple helix for innovation", government could show great impacts on this innovation system (Etzkowitz & Leydesdorff, 2000) . As in the context of Chinese public administration environment, the support from government, especially from central government department, would have impacts on the resources and funds that universities could have access to. It would be reasonable to expect that universities with support from central government could have more resources to initiate the commercialization of academic inventions. In the analyze process, the university's superior administration department had been collected to illustrate whether the support were from central government or local government.
H4: Universities which had official TTO (Technology Transfer Office) show more engagement on licensing activities.
The effects of Technology Transfer Office on university licensing activities had been studied for a long time. A formal organizational unit for technology transfer could provide specialized services for inventors and reduce the asymmetric information problem between academics and industry (Macho-Stadler, Perez-Castrillo, & Veugelers, 2007). Universities with official TTOs in organization structure were supposed to be more efficient in innovation commercialization and show good performance in universities patent licensing. In the analyze process, the existence of official TTOs in university organizational structure had been collected. H5: Universities which was supervised by local government show more engagement on local licensing activities.
Most universities in China were publicly funded and were supervised by departments in local government or central government. The Ministry of Education of the People's Republic of China is the most powerful department in central government in universities administration. It is reasonable to suppose that universities funded and supervised by local government would contribute more in the local economy, and patents licensed to local industry is one form of the contributions. In the analyze process, the university's superior administration department had been collected. Samples in universities with local government administrations were identical to the samples in universities without central government support, for these data were all based on the affiliation relations of universities with the government.
In order to test these 5 hypotheses, an independent one way analysis of variance (ANOVA) method had been used to capturing the differences in licensing activities performances varied on factors in 5 hypotheses. The dependent variables used to measure engagement in licensing activities included licensing frequency (LF), licensing propensity (LP), and out-degree (which represent the net number of licensees). The dependent variables used to measure the engagement on local licensing activities included the number of local licensing and the ratio of local licensing. The dependent variables, independent variables and variable categories implemented in ANOVA were presented on Table 3 and Table 4 . Eight military universities had been put off from the dataset for their independence from society and the lack of basic information. Data about 352 universities had been implemented in ANOVA. Before running ANOVA, the homogeneity of group variance had to be tested. In this part of analysis, the Levene Test method had been used to test the homogeneity of group variance. The results were shown on Table 5 . Table 6 showed the main results in a serial of one way ANOVA, including the F-value, P-value and Eta squared value of these analyses. Those with P value less than 0.01 were considered to have significant difference between groups. An eta squared value measures the strength of the association between the independent variable and the dependent variable. It is defined as "the proportion of total variation attributable to the factor, partialling out (excluding) other factors from the total nonerror variation" (J. Cohen, 1973) . Its value represents the proportion of variance attributable to the factor and the associated error variation (Kachra & White, 2008) . In the following analyses, only those effects with significant P-values (*), which implied a significant difference between groups, would be analyzed in details. 
1) Results on Patent Stock Numbers (H1)
The patent stock numbers had been classified into 7 levels based on their amount. A significant P value (P < 0.01) in Table 6 represents the differences in the logarithm of LF between 7 levels were significant. A large eta squared (η2 = 0.6215) shows a large effective size of the independent variable on the dependent variable. The P value only tells the existence of significant effects. Post hoc tests had been used to measure the detailed difference between each level. The TukeyHSD method had been used for post hoc tests in this study. The P values in post hoc tests between each level could tell the differences and the results had been represented in Table 7 . The main content in Table 7 showed the mean licensing frequency of each level (transformed from the logarithm results). Numbers in the brackets were the logarithms result of these means. Based on the P values in TukeyHSD method, the 7 levels could be assigned into 3 classes. Level 7 belonged to the first class, which had significant difference between other levels. Level 6 and Level 5 belonged to the second class, where there were no difference between level 6 and level 5 but significant differences of these 2 levels between the other levels. Level 4, Level 3, Level 2 and Level 1 belonged to the third class for there was no difference in LOG(LF) numbers be- Level 6 501 -1000 12.88 (log(lf) = 1.11)
Level 5 tween the lower level and next higher levels. These results revealed the differences of licensing activities engagement of universities with various amount of patent stocks. Universities, which had patent stocks large than 1000, had much high average licensing frequency (51.28) than those with less. Universities with patent stocks ranging from 300 to 1000 had relative high average licensing frequency than those with patent stocks less than 300. These results are consistent with H1, which had predicted that universities with more patent stocks show more engagement on licensing activities. However, licensing frequency performance within each class does not show significant difference. This result implies that with few numbers of patent stocks (less than 300), universities' engagement in licensing activities are all relative inactive whether their patent stocks number are 1 or 300.
2) Results on Local Economic Development (H2)
The Province GDP and City GDP had been used as independent variables to measure the local economic development. The Province GDP and City GDP had been classified into 4 levels based on their amount. The main results were shown on Table 8 and Table 9 .
Results on the effects of province GDP contradicted with the statement in H2, which predicted a higher level of licensing frequency in universities in economically prosperous provinces. In the second column of Table 8, universities with mediate GPD level showed highest performance in LF while universities in high GDP level showed lowest performance in LF. P values in Table 9 showed the significance of differences between each level. In province GDP, only the difference between high level and mediate level are effective. There is no significant difference in the logarithm of LF between other levels.
Results on the effects of city GDP were consistent with H2 and the mean values of out degrees (the number of licensees) and logarithm of LF showed an increasing pattern from low level to the highest level. In the out degree, significant differences had been shown between low level and higher level. In the mean of logarithm of LF, significant differences had been shown in 3 pairs: higher and low, high and low, higher and mediate.
3) Results on Government Support (H3)
The difference of mean logarithm of LF between universities with central government support and universities with local government support was significant based on the P value in Table 6 . In Table 10 , the mean of LF with central government support was 25.7, much higher than the mean with local government support (4.17). With a relative high value of effect size (η2 = 0.2602), the results were consistent with the statement in H3, which predicted that universities, which gained central government support, show more engagement on licensing activities.
4) Results on TTOs (H4)
The difference of mean logarithm of LF between universities with official technology transfer offices (TTOs) and universities without it was significant based on the P value in Table 6 . In Table 10 , the mean of LF with TTOs was 10.47, higher than the mean without TTOs (4.17). The results were consistent with the statement in H4, which predicted that universities, which had official TTO (Technology Transfer Office), show more engagement on licensing activities. However, the effect size in this relation was very low (η2 = 0.0940), the impact of TTOs on universities licensing activities was limited.
5) Results on Local Administrations (H5)
The difference of mean local province licensing ratio between universities supervised by local government and universities supervised by central government was significant based on the P value in Table 6 . In Table 10 , Firs number in each cell showed the P value in province GDP to log(lf). Second number in each cell showed the P value in city GDP to out-degree. Third number in each cell showed the P value in city GDP to log(lf). the mean of local province licensing ratio in universities supervised by local government was 64%, higher than the mean in universities supervised by central government (48%). The results were consistent with the statement in H5, which predicted that universities, which were supervised by local government, show more engagement on local licensing activities. However, the effect size in this relation was very low (η2 = 0.0307), the impact of local administration on universities licensing directions was so limited.
Discussions and Conclusions
This paper had analyzed the patent licensing performance of the whole Chinese universities. Previous works on Chinese university patenting never get the specific data about licensing activities. Although there had been some statement about the low level of licensing performance of Chinese universities, the exact level of licensing performance had not been measured in a comprehensive way. In this paper, the licensing documents of all Chinese universities had been collected and analyzed. The exact performance of Chinese universities patent licensing had been revealed, that is only 6% of patents stocks (16.03 patents per university) had been transferred through licensing till the end of 2012. This low level of licensing frequency and licensing proportion was shocking to some extent. Although the Chinese universities had engaged actively in patent application activities, a large number of these academic innovation outputs had not been transferred into industries. Inventions that could not be commercialized were a great waste of public resources and funds. The mere 7% of licensing proportion should be a warning to the Chinese university-industry public policy. Another finding in this paper is that Chinese universities tend to commercialize academic inventions with companies in the local area, which conform to the studies launched in the US (Agrawal, 2000) which had revealed the importance of interactions in technology transfer. The distance between licensors and licensees showed impact on the licensing frequency. However, the effect was only obvious between very near distance and very far away distance. When the distances were within a middle level range (in this study, it's 400 km to 2200 km), there is no significant difference within. These result could brought some insights into the policy making process in Chinese government. More effort should be made to facilitate the technology transfer process from universities to nearby industries. Companies that located near high-tech universities could have more access to the academic inventions and have more interactions with the research team, which could generate more chance of technology transfer. The localization effect of universities patent licensing would not occur when the distance between licensors and licensees were increased out off a certain boundary (in this study, it's 400 km).
To have a more clear view on the patterns of university licensing activities, this paper had brought up 5 hypotheses about the patterns of licensing performance and tested these hypotheses using ANOVA method. All 5 hypotheses had been confirmed within the dataset. Universities with large amount of patent stocks, or located in economically prosperous districts, or with the support of central government, or have official TTO in organization structure, had more patents licensed out. However, the effect of local economic performance only significant on the local city level, not on the local province level. These findings had confirmed the effect of these factors on university licensing activities. In the concern of public policies on university-industry interactions, efforts had to be made to reduce the blocks in patent licensing in universities with high levels of patent stock numbers for these universities had more intentions in technology transferring. The economic environment on the universities local city could affect patent licensing frequency and efforts should be made to promote the economic performance of local cities and introduce more private enterprises into the environment. Universities that were supported and supervised by central government department tend to reveal high performance in patent licensing. This had brought up the importance of support from central government in the Chinese context. The results on TTOs in Chinese universities had confirmed the effect of this official organizational structure in the Chinese environment. Universities should put more investment into this office and those universities which had no such office should establish TTOs in their organizational structure in order to promote the academic innovation transferring efficiency. However, considering the relative low level of eta squared results, which represented effective size, the effects of local city economic environment and the effect of TTOs in organizational structures are limited. Patent stocks and central government support had large effect size on the variance of licensing performance and should be favored in the public policy. In the test of patterns in local licensing activities (patents been licensed to companies in local area), universities that were supervised by local government tend to transfer more patents to the local province industries. This result had revealed the impact of local government on the local technology transferring process. Since local government had invested more resources and funds in universities that were under local supervisions, the payback from this investment is significant.
The limitation of this paper is pretty obvious for it had only dug into one of the knowledge transferring process from university to industry. Patent licensing is a crucial channel in this process. However, the knowledge transferring performance of other channels, such as contract research, personnel exchange, consulting and so on, had not been studied in a comprehensive way. Performance of other channels should be studied in the future work. And also, this paper had only tested 5 hypotheses on the performance of university licensing, which was not enough, considering the complexity in technology transferring process.
In recent decades, Chinese university patent application numbers had increased dramatically (Luan et al., 2010) . However, their performance on patent licensing is rather disappointing based on the results in this paper. Efforts had to be made to facilitate patent licensing process and studies concentrating on this process would hold their value in the future.
